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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To form a silicon oxide film having a smooth surface 
and a minute film quality. 

CONSTITUTION: On the surface of a semiconductor substrate 10 
whereon a metallic wiring 12 is formed, a dimethylsiloxane film 13 is 
formed. Thereafter, this process and the process wherein the 
surface of the semiconductor substrate 10 is exposed to an 
oxidizing plasma are repeated alternately in a single equipment, and 
thereby, a silicon oxide film 1 5 is formed on the surface of the 
semiconductor substrate 10. Hereupon, the excitation frequency of 
the oxidizing plasma is forced to include the frequency components 
not higher than 1MHz, and thereby, the silicon oxide film 15 is made 
to have a compact film quality. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]. Are characterized by comprising the following. A manufacturing method of a semiconductor device 
including a process of repeating by turns a process of exposing to a process and oxidizing plasma which form a 
silicone series film in the whole surface with a CVD method, and changing a silicone series film into silicon oxide, 
within the same device, and forming silicon oxide of regular thickness. 
A process of forming wiring on a semiconductor substrate. 
This wiring. 

[Claim 2]A manufacturing method of the semiconductor device according to claim 1 with which excitation 
frequency of said oxidizing plasma contains an ingredient of 1 MHz or less. 

[Claim 3]A manufacturing method of the semiconductor device according to claim 1 which forms a silicone series 
film by decompression-ization containing at least one and a steam of halogenation organicity Silang, halogenation 
organic siloxane, or organic siloxane. 

[Claim 4]A manufacturing method of the semiconductor device according to claim 1 which forms a silicone series 
film under a plasma atmosphere of gas containing organic siloxane and a steam. 

[Claim 5]A manufacturing method of the semiconductor device according to claim 1 which forms a silicone series 
film under a plasma atmosphere of gas containing organic siloxane and oxygen. 
[Claim 6]A manufacturing method of the semiconductor device according to claim 1 which exposes said 
semiconductor substrate to a plasma atmosphere of gas which contains nitrogen within the same device in 
advance of a process of forming said silicone series film. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]Especially this invention relates to the formation method of silicon oxide about the 

manufacturing method of a semiconductor device. 

[0002] 

[Description of the Prior ArfJIn recent years, in the semiconductor device, the metallic wiring more than two-layer 
is used for the purpose of high integration and improvement in the speed. As an interlayer insulation film of these 
metallic wiring layers, although silicon oxide is generally used, in order to make easy the metallic wiring work 
process after a next process, the insulator layer which has the smooth surface is demanded with the minuteness 
making of metallic wiring, and high-aspect-ratio-izing. 

[0003] Formation methods of the silicon oxide which has such the smooth surface conventionally include the 
method by spreading and plasma oxidation of silicone membrane, such as silicon shown in JP,1-130535,A, and 
Shiroki acid containing an organic group. This 1st conventional technology carries out spin spreading of the 
coating liquid for silicone series film formation on a semiconductor substrate, and forms a silicone series film at 
the temperature below 150 **. Then, the surface of a silicone series film is reformed to silicon oxide by introducing 
a semiconductor substrate into an inductive-coupling type plasma treatment apparatus, and exposing to oxygen 
plasma. 

[0004]As the 2nd conventional technology. ** - the - Nine TINSU Conference One Solid state Debye Seth And 
As shown in MATERIARUZU (the 19 th Confereaceon Solid StateDevices andMaterials) P451, There is the 
method of forming from a tetramethylsilane and oxygen plasma. The siloxane membrane which has the mobility 
represented by hexamethyl disiloxane is formed by this 2nd conventional technology's installing a semiconductor 
substrate in a reaction chamber, and making the afterglow of a tetramethylsilane and oxygen plasma introduce 
and react to a semiconductor substrate surface. 

[0005]Silang and oxygen plasma are introduced into the semiconductor substrate surface cooled by -1 10 ** as the 
same thing as the 2nd conventional technology, and the example of the 3rd conventional technology that forms 
the film of the silicon oxide stock which has mobility is shown in the collection (1991) P633 of the 38th applied- 
physics relation union lecture meeting drafts. 

[0006]As the 4th conventional technology, it is 1991 VMIC. To the conference (1991VMIC Confevence) P435. A 
siloxane is compounded and the method of conveying to a semiconductor substrate surface and forming siloxane 
membrane is shown by by exciting pulse form plasma for a tetraethoxy run and a steam. 
[0007]The process which furthermore introduces into a semiconductor substrate surface the silane gas by which 
plasma excitation was carried out as the 5th conventional technology, and makes the Silang radical (SiH x ) stick 
to a semiconductor surface, The method of repeating the process of introducing into a semiconductor substrate 
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surface the oxygen gas by which plasma excitation was carried out succeedingly, and oxidizing, within the same 
device, and forming silicon oxide, ZATOWEN tee first Conference One Solid State Debye Seth It is shown in and 
MATERIARUZU (the 21 st Conference on SolidState Devices and Materials) P49. 
[0008] 

[Problem(s) to be Solved by the lnvention]When applying the insulator layer by the conventional technology 
mentioned above to the interlayer insulation film of a metallic wiring layer, following various difficulties are 
produced. 

[0009]The case where the example of the 1st conventional technology is applied to the interlayer insulation film of 
a metallic wiring layer is explained using drawing 7 . As shown in drawing 7 (a), the metallic wiring 12 which 
consists of aluminum etc. via the SHIRIKO oxide film 1 1 is formed on the semiconductor substrates 10, such as 
Si. After forming the silicone series film 20 on this next, the silicon oxide 21 by which refining was carried out by 
performing inductive-coupling type plasma treatment in that surface is formed. Next, as shown in drawing 7 (b), 
the photoresist film 22 which has an aperture is used as a mask, and the contact hole 23 is formed in a position 
by the dry etching method. Next, as shown in drawing 7 (c), oxygen plasma removes the photoresist film 22. At 
this time, the silicone series film 20 of the side of the contact hole 23 oxidizes by oxygen plasma, and deteriorates 
in the silicon oxide 24 of sparse membraneous quality. Since hygroscopicity was high, the silicon oxide 24 of this 
sparse membraneous quality absorbed the moisture in the atmosphere, and when it formed the upper metallic 
wiring layer, it had the problem of having made the upper metallic wiring generating an open circuit by the outgas 
of this absorbed moisture, or causing increase of contact resistance, succeedingly. 

[001 0]ln the example of the 2nd conventional technology, in order [ that it is **** with the low temperature of -40 ** 
in the reaction of a tetramethylsilane and oxygen ] to divide, combination of a silicon oxide is not enough and 
membraneous quality serves as a non-dense. When applying this to the interlayer insulation film of a metallic 
wiring layer, film contraction takes place in heat treatment of a post process, for example, 400 **, and the formed 
siloxane tunic produces a crack. When this crack formed metallic wiring on it, it had the problem of causing an 
open circuit or a short circuit. 

[001 1]Also in the example of the 3rd and 4th conventional technologies, in order to perform film deposition at low 
temperature, there was a problem of producing a crack like the case of the 2nd conventional technology. 
[001 2]Furthermore, in the example of the 5th conventional technology, in order that there may be no mobility in 
the Silang radical, there is a fault that the smooth surface is not obtained. In order to use the afterglow of oxygen 
plasma for oxidation reaction, the ion energy of the gas molecule was small and there was a problem that the 
membraneous quality of the formed silicon oxide served as a non-dense, set like the heat process of eburnation 
like the example of the 2nd conventional technology, and produced a crack. 
[0013] 

[Means for Solving the Problem]A manufacturing method of a semiconductor device of this invention is provided 
with a process of repeating by turns a process of forming wiring on a semiconductor substrate, and a process of 
forming a silicone series film on this wiring and a process exposed to oxidizing plasma within the same device, 
and forming silicon oxide of regular thickness. And it has that excitation frequency of oxidizing plasma contains an 
ingredient of 1 MHz or less. 

[0014]Under decompression which contains at least one and a steam of halogen organicity Silang, halogenation 
organic siloxane, or organic siloxane for said silicone series tunic, Or it forms, respectively in a plasma 
atmosphere of gas containing organic siloxane and a steam, or a plasma atmosphere of gas containing organic 
siloxane and oxygen. 
[0015] 

[Example]Next, this invention is explained with reference to drawings. Drawing 1 is drawing of longitudinal section 
of the main part of the silicon oxidation film forming device used in the manufacturing method of the 
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semiconductor device of this invention. 

[0016]ln the reaction chamber 1 provided with the exhaust pipe 5, the lower electrode 2 and the upper electrode 3 
are countered and formed, and the semiconductor substrate 10 is installed on the lower electrode 2 by which 
temperature control was carried out. Oxidizing gases, such as organic-materials gas, such as organic siloxane 
and halogen organicity Silang, and oxygen, or a steam, are introduced in the reaction chamber 1 from the upper 
electrode 3 which has the aperture 4 through the piping 6 and 7, respectively, and are exhausted from the 
exhaust pipe 5. RF generator 8 and the low frequency power source 9 are connected to the upper electrode 3 and 
the lower electrode 2, respectively. 

[0017]Next, about the 1st example of this invention, order is explained later on with reference to drawings. 
Drawing 2 (a) - (c) is a sectional view of the semiconductor chip for describing the 1 st example of this invention. 
[0018]As first shown in drawing 2 (a), after forming the silicon oxide 1 1 on the semiconductor substrate 10, the 
metallic wiring 12 which consists of aluminum etc. is formed. In next forming silicon oxide with a CVD method on 
this, the semiconductor substrate 10 is first installed on the lower electrode 2 of the device shown in drawing 1 . 
[0019]Next, 20sccm introduction of halogenation organicity Silang (SiCI 2 (CH 3 ) 2 ), for example, the dichloro 
dimethylsilane, is carried out from the piping 6, and 50sccm introduction of the steam is carried out from the 
piping 7. The dimethylsiloxane film 14 is formed on the semiconductor substrate 10 by keeping [ the inside of the 
reaction chamber 1 ] the temperature of 10mTorr and a lower electrode for a pressure at 50 **. Since a 
dimethylsiloxane film has surface tension as small as 20 dyn/cm, as shown in drawing 2 (a), it has the smooth 
surface. After forming the dimethylsiloxane film 13 about 100 nm thick, the piping 6 is closed, introduction of 
dichloro dimethylsilane is stopped, 60W is impressed by an RF generator and the electric power of MOW is 
impressed by a low frequency power source, respectively. 13.56 MHz is used as high frequency and 250 kHz is 
used as a low frequency wave. 

[0020]By the plasma of the steam by which it is generated at this time, a dimethylsiloxane film oxidizes, and as 
shown in drawing 2Jb), it deteriorates in the silicon oxide 13A. So that 13.56 MHz may be used in order to raise 
oxygen radical density and to strengthen an oxidizing quality by [ of 10Torr ] generating plasma in high voltage 
comparatively, and the low frequency wave of 250 kHz may be mentioned later, It is for elaborating the silicon 
oxide 1 3A for ion energy by strength and ion bomber TOMENTO. By the plasma of this steam, the 
dimethylsiloxane film 13 of 100 nm of thickness oxidizes thoroughly, and turns into the precise silicon oxide 13A. 
Next, RF generator 8 and the low frequency power source 9 are intercepted, the piping 6 is opened, dichloro 
dimethylsilane is introduced again, and the dimethylsiloxane film 14 is again formed on the silicon oxide 13A at a 
thickness of about 100 nm. By exposing to steam plasma succeedingly, the dimethylsiloxane film 14 is 
deteriorated in precise silicon oxide. 

[0021] Hereafter, by repeating oxidation by formation and steam plasma of a dimethylsiloxane film, as shown in 
drawing 2 (c), the precise silicon oxide 15 of predetermined thickness is obtained. Drawing 3 illustrates the 
temporal change of each parameter (a steam, dichloro dimethylsilane, electric power) of the silicon oxidation film 
formation mentioned above. 

[0022]Film contraction of the silicon oxide which changed the frequency of the low frequency power source 9 
impressed to the lower electrode 2, and formed it is shown in drawing 4 . With film contraction, the difference of 
the thickness at the time of silicon oxidation film formation and the thickness after performing heat treatment for 
30 minutes by a 900 ** nitrogen atmosphere is standardized by the thickness at the time of formation here. If film 
contraction generally exceeds 2%, hygroscopicity or moisture permeability increases, in the formation process of 
the metallic wiring of the upper layer of a next process, with the moisture from which it was desorbed, the upper 
metallic wiring will disconnect or short-circuit silicon oxide, and it will produce the serious problem for the 
manufacturing yield and reliability of a semiconductor device. According to drawing 4 , the silicon oxide of the 
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precise membraneous quality of 2% or less of film contraction can be obtained by big ion energy by choosing 1 
MHz or less as frequency of the power supply impressed to the lower electrode 2. 

[0023]ln the 1st example of the above, although a dimethylsiloxane film and plasma oxidation were repeated by 
turns for every 100-nm film formation and were performed, the thickness elaborated by ion bomber TOMENTO 
depends this on being limited to a depth of about 100 nm from the surface. For this reason, by the method of 
applying and carrying out plasma oxidation of the silicone series film shown by the 1st conventional technology, 
the neighborhood of the surface remains for deteriorating in silicon oxide, and a problem which was mentioned 
above is produced. 

[0024]lt divides 100 nm at a time, and in order to perform film formation and oxidation in the 1st example in the 
reaction-of-identity interior of a room as compared with the method of applying and carrying out plasma oxidation 
of the silicone series film, it has the advantage that process time can be shortened substantially. By repeating by 
turns the adsorption and oxidizing plasma of the Silang radical which were shown by the 3rd conventional 
technology, As compared with the method of forming silicon oxide, this example has the advantage that a precise 
oxide film is obtained by the oxidizing plasma containing the advantage and the low-frequency component of 1 
MHz or less that surface smooth nature is obtained, by using a silicone series film. 

[0025]ln the 1st example, although dichloro dimethylsilane was used as halogenation organicity Silang, the effect 
that dichloro diethylsilane and a dichloro diphenylsilane are also the same is acquired. The same effect is 
acquired even if it uses the mixture of halogenation organicity Silang and halogenation organic siloxane, for 
example, JIKURO dimethylsilane, and dichloro tetramethyl disiloxane. 

[0026]Next, the 2nd example of this invention is described with reference to drawings. Drawing 5 shows the 
temporal change of each parameter of the silicon oxidation film formation for describing the 2nd example of this 
invention. 

[0027]ln the 2nd example, the 1st example uses the plasma polymerization of organic siloxane and oxygen to 
having used the polymerization by hydrolysis of halogenation organicity Silang as a formation method of the 
silicone series film by a CVD method. 

[0028]That is, in drawing 1 , it is organic siloxane, for example, octamethyicyclotetrasiloxane, from the after- 
installation piping 6 on the lower electrode 2 about the semiconductor substrate 10. [Si(CH 3 ) 2 0] The electric 
power of 20W is made to impress to an upper electrode from a 13.56-MHz RF generator, and plasma is 
generated between an upper electrode and a lower electrode at the same time it introduces oxygen for 4 in the 
reaction chamber 1 10 seem from 20sccm and the piping 7, respectively. The pressure in the reaction chamber 1 
sets the temperature of 10Torr and a lower electrode as 200 **. The organic siloxane which has various molecular 
weights in this plasma, for example, poly dimethylsiloxane, is generated, and a film is formed on the 
semiconductor substrate 10. 

[0029]Thus, after forming in a thickness of about 100 nm the silicone series film represented by poly 
dimethylsiloxane, Introduction of octamethyicyclotetrasiloxane is intercepted, an oxygen flow rate is set to 
50sccm, and the electric power of 200W is simultaneously impressed to the lower electrode 2 for 60 seconds from 
a 250-kHz low frequency power source. As the 1st example was explained in full detail, a silicone series film 
deteriorates in precise silicon oxide by the plasma oxidation which has ion bomber TOMENTO by this low 
frequency wave. Hereafter, by repeating formation and plasma oxidation of a silicone series film by turns, like the 
1st example, it has the smooth surface and only arbitrary thickness forms the silicon oxide of precise 
membraneous quality. 

[0030]Although octamethyicyclotetrasiloxane was used as organic siloxane in the 2nd example, The same effect 
is acquired even if it uses methyl siloxanes, such as hexamethyl cyclotrisiloxane, decamethyl cyclopentasiloxane, 
a hexamethyl siloxane, or octamethyl trisiloxane. Furthermore, ethyl siloxanes and phenyl siloxanes may be used. 
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If halogen organicity Silang represented by such organic siloxanes at dichloro dimethylsilane is mixed, a 
polymerization will be promoted, and it becomes possible to raise the membrane formation speed of a silicone 
series film. 

[0031]As the 3rd example, it replaces with the oxygen used in the 2nd example, and a steam is used. Since an 
acceleration decomposition reaction is added to a plasma polymerization, the membrane formation speed of a 
silicone series film increases further, and productivity can be improved. 

[0032]As the 4th example, in the 1st example, it precedes forming a silicone series film and the semiconductor 
substrate 10 is exposed to the plasma of nitrogen gas. The temporal change of each parameter of silicon 
oxidation film formation is shown in drawing 6 . It precedes forming a silicone series film, power supply power is 
set to 200W by setting N 2 flow to 100sccm, and it exposes for 10 seconds. Are nitriding [ this processing / the 
surface of the silicon oxide 11 in drawing 2 (a) ], and it hydrophobicity-izes. For this reason, the advantage that 
the wettability of a silicone series film (for example, dimethylsiloxane film 13) improves, and surface smoothness 
improves further is produced. Ammonia gas or those mixed gas besides nitrogen gas may be used. 
[0033] 

[Effect of the lnvention]As explained above, in this invention, a silicone series film is formed on the semiconductor 
substrate in which wiring was formed, the process exposed to oxidizing plasma is repeated within the same 
device, and an ingredient of 1 MHz or less is included in the excitation power supply of oxidizing plasma, and 
silicon oxide is formed. 

Therefore, it has the smooth surface and the silicon oxide of precise membraneous quality can be formed. 
As a result, since it is lost that a crack occurs in silicon oxide in the heat treatment process of a next process, 
even if it forms the upper metallic wiring, it is lost that contact resistance increases, and it has the big effect that 
the manufacturing yield and reliability of a semiconductor device improve substantially. 



[Translation done.] 
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TECHNICAL FIELD 



[Industrial Application]Especially this invention relates to the formation method of silicon oxide about the 
manufacturing method of a semiconductor device. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art]ln recent years, in the semiconductor device, the metallic wiring more than two-layer 
is used for the purpose of high integration and improvement in the speed. As an interlayer insulation film of these 
metallic wiring layers, although silicon oxide is generally used, in order to make easy the metallic wiring work 
process after a next process, the insulator layer which has the smooth surface is demanded with the minuteness 
making of metallic wiring, and high-aspect-ratio-izing. 

[0003] Formation methods of the silicon oxide which has such the smooth surface conventionally include the 
method by spreading and plasma oxidation of silicone membrane, such as silicon shown in JP,1-130535,A, and 
Shiroki acid containing an organic group. This 1st conventional technology carries out spin spreading of the 
coating liquid for silicone series film formation on a semiconductor substrate, and forms a silicone series film at 
the temperature below 150 **. Then, the surface of a silicone series film is reformed to silicon oxide by introducing 
a semiconductor substrate into an inductive-coupling type plasma treatment apparatus, and exposing to oxygen 
plasma. 

[0004]As the 2nd conventional technology. ** - the - Nine TINSU Conference One Solid state Debye Seth And 
As shown in MATERIARUZU (the 19 th Confereaceon Solid StateDevices andMaterials) P451, There is the 
method of forming from a tetramethylsilane and oxygen plasma. The siloxane membrane which has the mobility 
represented by hexamethyl disiloxane is formed by this 2nd conventional technology's installing a semiconductor 
substrate in a reaction chamber, and making the afterglow of a tetramethylsilane and oxygen plasma introduce 
and react to a semiconductor substrate surface. 

[0005]Silang and oxygen plasma are introduced into the semiconductor substrate surface cooled by -1 10 ** as the 
same thing as the 2nd conventional technology, and the example of the 3rd conventional technology that forms 
the film of the silicon oxide stock which has mobility is shown in the collection (1991) P633 of the 38th applied- 
physics relation union lecture meeting drafts. 

[0006]As the 4th conventional technology, it is 1991 VMIC. To the conference (1991VMIC Confevence) P435. A 
siloxane is compounded and the method of conveying to a semiconductor substrate surface and forming siloxane 
membrane is shown by by exciting pulse form plasma for a tetraethoxy run and a steam. 
[0007]The process which furthermore introduces into a semiconductor substrate surface the silane gas by which 
plasma excitation was carried out as the 5th conventional technology, and makes the Silang radical (SiH x ) stick 
to a semiconductor surface, The method of repeating the process of introducing into a semiconductor substrate 
surface the oxygen gas by which plasma excitation was carried out succeedingly, and oxidizing, within the same 
device, and forming silicon oxide, ZATOWEN tee first Conference One Solid State Debye Seth It is shown in and 
MATERIARUZU (the 21 st Conference on SolidState Devices and Materials) P49. 
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EFFECT OF THE INVENTION 



[Effect of the lnvention]As explained above, in this invention, a silicone series film is formed on the semiconductor 
substrate in which wiring was formed, the process exposed to oxidizing plasma is repeated within the same 
device, and an ingredient of 1 MHz or less is included in the excitation power supply of oxidizing plasma, and 
silicon oxide is formed. 

Therefore, it has the smooth surface and the silicon oxide of precise membraneous quality can be formed. 
As a result, since it is lost that a crack occurs in silicon oxide in the heat treatment process of a next process, 
even if it forms the upper metallic wiring, it is lost that contact resistance increases, and it has the big effect that 
the manufacturing yield and reliability of a semiconductor device improve substantially. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the lnvention]When applying the insulator layer by the conventional technology 
mentioned above to the interlayer insulation film of a metallic wiring layer, following various difficulties are 
produced. 

[0009]The case where the example of the 1st conventional technology is applied to the interlayer insulation film of 
a metallic wiring layer is explained using drawing 7. As shown in drawing 7 (a), the metallic wiring 12 which 
consists of aluminum etc. via the SHIRIKO oxide film 11 is formed on the semiconductor substrates 10, such as 
Si. After forming the silicone series film 20 on this next, the silicon oxide 21 by which refining was carried out by 
performing inductive-coupling type plasma treatment in that surface is formed. Next, as shown in drawing 7 (b), 
the photoresist film 22 which has an aperture is used as a mask, and the contact hole 23 is formed in a position 
by the dry etching method. Next, as shown in drawing 7 (c), oxygen plasma removes the photoresist film 22. At 
this time, the silicone series film 20 of the side of the contact hole 23 oxidizes by oxygen plasma, and deteriorates 
in the silicon oxide 24 of sparse membraneous quality. Since hygroscopicity was high, the silicon oxide 24 of this 
sparse membraneous quality absorbed the moisture in the atmosphere, and when it formed the upper metallic 
wiring layer, it had the problem of having made the upper metallic wiring generating an open circuit by the outgas 
of this absorbed moisture, or causing increase of contact resistance, succeedingly. 

[001 0]ln the example of the 2nd conventional technology, in order [ that it is **** with the low temperature of -40 ** 
in the reaction of a tetramethylsilane and oxygen ] to divide, combination of a silicon oxide is not enough and 
membraneous quality serves as a non-dense. When applying this to the interlayer insulation film of a metallic 
wiring layer, film contraction takes place in heat treatment of a post process, for example, 400 **, and the formed 
siloxane tunic produces a crack. When this crack formed metallic wiring on it, it had the problem of causing an 
open circuit or a short circuit. 

[001 1]Also in the example of the 3rd and 4th conventional technologies, in order to perform film deposition at low 
temperature, there was a problem of producing a crack like the case of the 2nd conventional technology. 
[0012]Furthermore, in the example of the 5th conventional technology, in order that there may be no mobility in 
the Silang radical, there is a fault that the smooth surface is not obtained. In order to use the afterglow of oxygen 
plasma for oxidation reaction, the ion energy of the gas molecule was small and there was a problem that the 
membraneous quality of the formed silicon oxide served as a non-dense, set like the heat process of eburnation 
like the example of the 2nd conventional technology, and produced a crack. 
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MEANS 



[Means for Solving the Problem]A manufacturing method of a semiconductor device of this invention is provided 
with a process of repeating by turns a process of forming wiring on a semiconductor substrate, and a process of 
forming a silicone series film on this wiring and a process exposed to oxidizing plasma within the same device, 
and forming silicon oxide of regular thickness. And it has that excitation frequency of oxidizing plasma contains an 
ingredient of 1 MHz or less. 

[0014]Under decompression which contains at least one and a steam of halogen organicity Silang, halogenation 
organic siloxane, or organic siloxane for said silicone series tunic, Or it forms, respectively in a plasma 
atmosphere of gas containing organic siloxane and a steam, or a plasma atmosphere of gas containing organic 
siloxane and oxygen. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



EXAMPLE 



[Exam pie] Next, this invention is explained with reference to drawings. Drawing 1 is drawing of longitudinal section 
of the main part of the silicon oxidation film forming device used in the manufacturing method of the 
semiconductor device of this invention. 

[0016]ln the reaction chamber 1 provided with the exhaust pipe 5, the lower electrode 2 and the upper electrode 3 
are countered and formed, and the semiconductor substrate 10 is installed on the lower electrode 2 by which 
temperature control was carried out. Oxidizing gases, such as organic-materials gas, such as organic siloxane 
and halogen organicity Silang, and oxygen, or a steam, are introduced in the reaction chamber 1 from the upper 
electrode 3 which has the aperture 4 through the piping 6 and 7, respectively, and are exhausted from the 
exhaust pipe 5. RF generator 8 and the low frequency power source 9 are connected to the upper electrode 3 and 
the lower electrode 2, respectively. 

[0017]Next, about the 1st example of this invention, order is explained later on with reference to drawings. 
Drawing 2 (a) - (c) is a sectional view of the semiconductor chip for describing the 1 st example of this invention. 
[0018]As first shown in drawing 2 (a), after forming the silicon oxide 11 on the semiconductor substrate 10, the 
metallic wiring 12 which consists of aluminum etc. is formed. In next forming silicon oxide with a CVD method on 
this, the semiconductor substrate 10 is first installed on the lower electrode 2 of the device shown in drawing 1 . 
[0019]Next, 20sccm introduction of halogenation organicity Silang (SiCI 2 (CH 3 ) 2 ), for example, the dichloro 
dimethylsilane, is carried out from the piping 6, and 50sccm introduction of the steam is carried out from the 
piping 7. The dimethylsiloxane film 14 is formed on the semiconductor substrate 10 by keeping [ the inside of the 
reaction chamber 1 ] the temperature of 10mTorr and a lower electrode for a pressure at 50 **. Since a 
dimethylsiloxane film has surface tension as small as 20 dyn/cm, as shown in drawing 2 (a), it has the smooth 
surface. After forming the dimethylsiloxane film 13 about 100 nm thick, the piping 6 is closed, introduction of 
dichloro dimethylsilane is stopped, 60W is impressed by an RF generator and the electric power of MOW is 
impressed by a low frequency power source, respectively. 13.56 MHz is used as high frequency and 250 kHz is 
used as a low frequency wave. 

[0020]By the plasma of the steam by which it is generated at this time, a dimethylsiloxane film oxidizes, and as 
shown in drawing 2 (b), it deteriorates in the silicon oxide 13A. So that 13.56 MHz may be used in order to raise 
oxygen radical density and to strengthen an oxidizing quality by [ of 10Torr ] generating plasma in high voltage 
comparatively, and the low frequency wave of 250 kHz may be mentioned later, It is for elaborating the silicon 
oxide 13A for ion energy by strength and ion bomber TOMENTO. By the plasma of this steam, the 
dimethylsiloxane film 13 of 100 nm of thickness oxidizes thoroughly, and turns into the precise silicon oxide 13A. 
Next, RF generator 8 and the low frequency power source 9 are intercepted, the piping 6 is opened, dichloro 
dimethylsilane is introduced again, and the dimethylsiloxane film 14 is again formed on the silicon oxide 13A at a 
thickness of about 100 nm. By exposing to steam plasma succeedingly, the dimethylsiloxane film 14 is 
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deteriorated in precise silicon oxide. 

[0021] Hereafter, by repeating oxidation by formation and steam plasma of a dimethylsiloxane film, as shown in 
drawing 2 (c), the precise silicon oxide 15 of predetermined thickness is obtained. Drawing 3 illustrates the 
temporal change of each parameter (a steam, dichloro dimethylsilane, electric power) of the silicon oxidation film 
formation mentioned above. 

[0022]Film contraction of the silicon oxide which changed the frequency of the low frequency power source 9 
impressed to the lower electrode 2, and formed it is shown in drawing 4 . With film contraction, the difference of 
the thickness at the time of silicon oxidation film formation and the thickness after performing heat treatment for 
30 minutes by a 900 ** nitrogen atmosphere is standardized by the thickness at the time of formation here. If film 
contraction generally exceeds 2%, hygroscopicity or moisture permeability increases, in the formation process of 
the metallic wiring of the upper layer of a next process, with the moisture from which it was desorbed, the upper 
metallic wiring will disconnect or short-circuit silicon oxide, and it will produce the serious problem for the 
manufacturing yield and reliability of a semiconductor device. According to drawing 4 , the silicon oxide of the 
precise membraneous quality of 2% or less of film contraction can be obtained by big ion energy by choosing 1 
MHz or less as frequency of the power supply impressed to the lower electrode 2. 

[0023]ln the 1st example of the above, although a dimethylsiloxane film and plasma oxidation were repeated by 
turns for every 100-nm film formation and were performed, the thickness elaborated by ion bomber TOMENTO 
depends this on being limited to a depth of about 100 nm from the surface. For this reason, by the method of 
applying and carrying out plasma oxidation of the silicone series film shown by the 1st conventional technology, 
the neighborhood of the surface remains for deteriorating in silicon oxide, and a problem which was mentioned 
above is produced. 

[0024]lt divides 100 nm at a time, and in order to perform film formation and oxidation in the 1st example in the 
reaction-of-identity interior of a room as compared with the method of applying and carrying out plasma oxidation 
of the silicone series film, it has the advantage that process time can be shortened substantially. By repeating by 
turns the adsorption and oxidizing plasma of the Silang radical which were shown by the 3rd conventional 
technology, As compared with the method of forming silicon oxide, this example has the advantage that a precise 
oxide film is obtained by the oxidizing plasma containing the advantage and the low-frequency component of 1 
MHz or less that surface smooth nature is obtained, by using a silicone series film. 

[0025]ln the 1st example, although dichloro dimethylsilane was used as halogenation organicity Silang, the effect 
that dichloro diethylsilane and a dichloro diphenylsilane are also the same is acquired. The same effect is 
acquired even if it uses the mixture of halogenation organicity Silang and halogenation organic siloxane, for 
example, JIKURO dimethylsilane, and dichloro tetramethyl disiloxane. 

[0026]Next, the 2nd example of this invention is described with reference to drawings. Drawing 5 shows the 
temporal change of each parameter of the silicon oxidation film formation for describing the 2nd example of this 
invention. 

[0027]ln the 2nd example, the 1st example uses the plasma polymerization of organic siloxane and oxygen to 
having used the polymerization by hydrolysis of halogenation organicity Silang as a formation method of the 
silicone series film by a CVD method. 

[0028]That is, in drawing 1 , it is organic siloxane, for example, octamethylcyclotetrasiloxane, from the after- 
installation piping 6 on the lower electrode 2 about the semiconductor substrate 10. [Si(CH 3 ) 2 0] The electric 
power of 20W is made to impress to an upper electrode from a 13.56-MHz RF generator, and plasma is 
generated between an upper electrode and a lower electrode at the same time it introduces oxygen for 4 in the 
reaction chamber 1 10 seem from 20sccm and the piping 7, respectively. The pressure in the reaction chamber 1 
sets the temperature of 10Torr and a lower electrode as 200 **. The organic siloxane which has various molecular 
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weights in this plasma, for example, poly dimethylsiloxane, is generated, and a film is formed on the 
semiconductor substrate 10. 

[0029]Thus, after forming in a thickness of about 100 nm the silicone series film represented by poly 
dimethylsiloxane, Introduction of octamethylcyclotetrasiloxane is intercepted, an oxygen flow rate is set to 
50sccm, and the electric power of 200W is simultaneously impressed to the lower electrode 2 for 60 seconds from 
a 250-kHz low frequency power source. As the 1st example was explained in full detail, a silicone series film 
deteriorates in precise silicon oxide by the plasma oxidation which has ion bomber TOMENTO by this low 
frequency wave. Hereafter, by repeating formation and plasma oxidation of a silicone series film by turns, like the 
1st example, it has the smooth surface and only arbitrary thickness forms the silicon oxide of precise 
membraneous quality. 

[0030]Although octamethylcyclotetrasiloxane was used as organic siloxane in the 2nd example, The same effect 
is acquired even if it uses methyl siloxanes, such as hexamethyl cyclotrisiloxane, decamethyl cyclopentasiloxane, 
a hexamethyl siloxane, or octamethyl trisiloxane. Furthermore, ethyl siloxanes and phenyl siloxanes may be used. 
If halogen organicity Silang represented by such organic siloxanes at dichloro dimethylsilane is mixed, a 
polymerization will be promoted, and it becomes possible to raise the membrane formation speed of a silicone 
series film. 

[0031]As the 3rd example, it replaces with the oxygen used in the 2nd example, and a steam is used. Since an 
acceleration decomposition reaction is added to a plasma polymerization, the membrane formation speed of a 
silicone series film increases further, and productivity can be improved. 

[0032]As the 4th example, in the 1st example, it precedes forming a silicone series film and the semiconductor 
substrate 10 is exposed to the plasma of nitrogen gas. The temporal change of each parameter of silicon 
oxidation film formation is shown in drawing 6 . It precedes forming a silicone series film, power supply power is 
set to 200W by setting N 2 flow to 100sccm, and it exposes for 10 seconds. Are nitriding [ this processing / the 
surface of the silicon oxide 1 1 in drawing 2 (a) ], and it hydrophobicity-izes. For this reason, the advantage that 
the wettability of a silicone series film (for example, dimethylsiloxane film 13) improves, and surface smoothness 
improves further is produced. Ammonia gas or those mixed gas besides nitrogen gas may be used. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The lineblock diagram of the main part of the device used in the example of this invention. 
[Drawing 2]The sectional view of the semiconductor chip for describing the 1st example of this invention. 
[Drawing 3] The figure showing the change to the time of each parameter for describing the 1st example of this 
invention. 

[Drawing 4] The figure showing the relation between contraction of silicon oxide, and the frequency of a low 
frequency wave. 

[Drawing 5] The figure showing the change to the time of each parameter for describing the 2nd example of this 
invention. 

[Drawing 6] The figure showing the change to the time of each parameter for describing the 3rd example of this 
invention. 

[Drawing 7] The sectional view of the semiconductor chip for explaining an example of the conventional 
semiconductor device. 
[Description of Notations] 

1 Reaction chamber 

2 Lower electrode 

3 Upper electrode 

4 Aperture 

5 Exhaust pipe 

6 and 7 Piping 

8 RF generator 

9 Low frequency power source 

10 Semiconductor substrate 

11 Silicon oxide 

12 Metallic wiring 

13 and 14 Dimethylsiloxane film 
13A, 15 silicon oxide 

20 Silicone series film 

21 Silicon oxide 

22 Photoresist film 

23 Contact hole 

24 Silicon oxide of sparse membraneous quality 
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[Drawing 1] 
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[Drawing 7] 
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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To form a silicon oxide film having a smooth 
surface and a minute film quality. 
CONSTITUTION: On the surface of a semiconductor 
substrate 10 whereon a metallic wiring 12 is formed, a 
dimethylsiloxane film 13 is formed. Thereafter, this 
process and the process wherein the surface of the 
semiconductor substrate 10 is exposed to an oxidizing 
plasma are repeated alternately in a single equipment, 
and thereby, a silicon oxide film 15 is formed on the 
surface of the semiconductor substrate 10. Hereupon, 
the excitation frequency of the oxidizing plasma is 
forced to include the frequency components not higher 
than 1MHz, and thereby, the silicon oxide film 15 is made 
to have a compact film quality. 
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